A previously healthy 22-year-old man presented with thoracic outlet syndrome manifesting as Raynaud's phenomenon in the left hand and embolic occlusion of the basilar artery. Three-dimensional computed tomography angiography showed that the left subclavian artery was occluded as it passed over the abnormal first rib. Retrograde propagation of the thrombus from the site of arterial occlusion and/or reflux of embolic material was suspected. Medical therapy was started. The patient underwent resection of the anomalous rib. Postoperative angiography demonstrated that the subclavian artery was recanalized with almost normal distal flow. The basilar artery was also recanalized. Thoracic outlet syndrome due to a first rib anomaly may cause stroke.
Introduction
Thoracic outlet syndrome occurs when the neurovascular structures are compressed as they transverse the thoracic outlet, 11) which is defined by the first rib and scalenus muscles. 2) Nerve and vascular compression promotes Raynaud's phenomenon, pain, paresthesia, and motor weakness of the affected arm. 5, 13) Prolonged compression of the subclavian artery results in fibrotic and inflammatory changes of the artery wall, which may extend to the intima and cause platelets aggregation, resulting in formation of mural thrombus, and macroembolism may cause digital gangrene. 2, 4) Thromboembolism in thoracic outlet syndrome may rarely be associated with retrograde flow, which carries increased risk of cerebral embolism. [1] [2] [3] [8] [9] [10] We report a case of thoracic outlet syndrome caused by a first rib anomaly resulting in embolism.
Case Presentation
A previously healthy 22-year-old man presented with Raynaud's phenomenon in the left hand. An orthopedic surgeon in our hospital made a diagnosis of thoracic outlet syndrome. Three-dimensional computed tomography (3D-CT) angiography showed an anomaly of the left first rib, which elevated the subclavian artery (Fig. 1) . The anomalous rib lacked the anterior half and had assimilated at the center of second rib. Five months later, he suddenly suffered onset of vertigo, diplopia, dysarthria, motor weakness, and paresthesia on the left, and was transferred to our hospital. On arrival, he was somewhat somnolent and had no motor weakness, but the paresthesia and limb ataxia on the left still persisted. External ocular movements were normal with isocoric reactive pupils. Physical examination revealed a pulseless left radial artery. Hematological, biochemical, and serological examinations revealed no abnormalities suggesting vasculitis or coagulopathy. Twentyfour hour electrocardiography monitoring and transesophageal echocardiography also showed no abnormalities.
Magnetic resonance (MR) imaging revealed an infarction in the left cerebellar hemisphere and vermis (Fig. 2) . The upper basilar artery was not visible on MR angiography (not shown). Immediate digital subtraction angiography also demonstrated distal basilar artery occlusion (Fig. 3) . The bilateral superior cerebellar arteries were poorly opacified. Both posterior cerebral arteries were opacified through the posterior communicating arteries (not shown). The left subclavian artery was occluded as it passed over the abnormal rib, and poor run-off into the left axillary artery was observed through collateral flow via the left suprascapular artery branches (Fig. 4  left) . A thrombus was identified within the subclavian artery. The aortic arch was normal. Embolic stroke originating from the occluded subclavian artery was suspected.
Heparin administration was started at 10 000 U per day, followed by ticlopidine and warfarin 1 week later. He recovered well and had almost no neurological deficit 2 weeks after the onset. The patient underwent surgery through the supraclavicular approach. The subclavian artery was severely compressed by the abnormal first rib. Poor pulsation of the distal artery was noted. Resection of Postoperative angiography demonstrated that the subclavian artery was recanalized with almost normal distal flow (Fig. 4 right) . The basilar artery was also recanalized (not shown).
Discussion
Ten cases of cerebral infarction due to thoracic outlet syndrome have been reported, including our case (Table 1) . [1] [2] [3] [8] [9] [10] The cervical rib was the causative factor in all previous cases, in which the subclavian artery was compressed against the upper aspect of the first rib, just behind the distal insertion of the anterior scalene muscle. Anomalous first rib is another cause of arterial compression, but is much less common and was the cause of the syndrome in only 0.5% of cases. 6) In the present case, the first rib anomaly also caused cerebral embolism. Cerebral embolism occurred as a consequence of right thoracic outlet syndrome in 8 of the 10 patients (Table 1) . [1] [2] [3] [8] [9] [10] Embolism originating from the right subclavian artery caused infarction in the carotid artery area in 6 of these 8 patients, rather than the vertebrobasilar artery area, probably due to the anatomical characteristics of the branching of the right carotid artery from the brachiocephalic artery and the differences in the caliber of this artery. Cerebral embolism from left thoracic outlet syndrome seems to be rare, with only 2 reported cases including the present case. 10) Ischemia in the vertebrobasilar artery area occurred in both patients ( Table 1 ).
The diagnosis of thoracic outlet syndrome was based on radiography, Doppler ultrasonography, and angiography in all reported cases. [1] [2] [3] [8] [9] [10] The recent development of less invasive imaging technology permits the diagnosis of various lesions with higher resolution. In this case, 3D-CT angiography demonstrated the anomalous course of the first rib clearly. The compression of the affected subclavian artery was also seen, and abnormal luminal configuration such as stenosis or post-stenotic dilatation is also frequently visible. Therefore, 3D-CT angiography is useful for the diagnosis of thoracic outlet syndrome. However, conventional angiography is still needed for the evaluation of the distal flow with collateral channels and the detection of an intraluminal thrombus, as observed in the present case.
Surgical treatment should be considered to prevent recurrence of embolisms. Removal of the anomalous bone is a standard procedure. 12) Additional arterial reconstruction should be performed in the presence of poststenotic dilatation or mural thrombus. 2, 6) In this case, digital subtraction angiography 2 weeks after onset showed no mural thrombus in the subclavian artery. Therefore, subclavian artery reconstruction was not performed. Chronic inflammation of the arterial wall may cause aneurysm formation. Thromboembolic complications are significantly more common in arteries with aneurysmal dilatation. 7) Thoracic outlet syndrome caused by a first rib anomaly may cause stroke through retrograde Neurol Med Chir (Tokyo) 48, August, 2008 R. Yamaguchi et al.
propagation of a thrombus from the sites of arterial occlusion or the reflux of embolic material. 3D-CT angiography is useful for the detection of abnormal bony structures and vascular pathology of thoracic outlet syndrome.
